Expression of helix-loop-helix type negative regulators of differentiation during limb regeneration in urodeles and anurans.
The urodele is capable of regenerating its limb by forming a blastema even in the adult. By contrast, the anuran, which is phylogenetically close to the urodele, loses this ability during metamorphosis and forms blastema-like tissues that develop only into a spike-like structure in the adult. In order to compare the molecular mechanism of the formation and maintenance of the blastema between the urodele and anuran, the genes encoding helix-loop-helix (HLH) type negative regulators of differentiation were characterized for both the Japanese newt, Cynops pyrrhogaster, and African clawed frog, Xenopus laevis. Cynops homologs of Id2, Id3, and HES1 and Xenopus Id2 were identified. To learn the roles of these genes in regeneration, their expression was examined. The expression of Id2 and Id3 was low in unamputated limbs, but was up-regulated in blastemas of both adult newt and Xenopus. Interestingly, transcripts of the two Id genes showed specific localizations in the blastema and the expression patterns were very similar in both species through the early to medium bud stage. Id2 was expressed predominantly in the blastemal epidermis, and Id3 was expressed equally in the blastemal epidermis and mesenchyme including cells in precartilage condensations. HES1 expression was up-regulated in the newt blastemal epidermis. It was thought that the up-regulation of these genes in the epidermis was related to the proliferation of the cells and that increased expression of these genes in the mesenchyme was related to the undifferentiated state of the blastemal cells. These results and considerations strongly suggested that the state of differentiation is similar in the early to medium bud blastema of both urodeles and anurans. The expression of Id3 remained high through to the digits stage in newts. In contrast, its expression in Xenopus decreased in spike-like regenerates, which correspond to palette-digits stage of newt regenerates. From these results, it was suggested that the blastema redifferentiates earlier in the frog than in the newt, and therefore the timing of redifferentiation of the cartilage is crucial for complete regeneration.